Summary: The first rhodium-alkylidene square-planar complex stabilized by a N-heterocyclic carbene ligand RhCl(=CHPh)(IPr)PPh 3 (2) {IPr = 1,3-bis-(2,6-diisopropylphenyl)imidazol-2-carbene} has been prepared by reaction of RhCl(IPr)(PPh 3 ) 2 (1) with phenyldiazomethane and its dynamic behavior in solution studied. Treatment of 2 with alkenes results in the formation of  2 -olefin complexes RhCl( 2 -CH 2 =CHR)(IPr)PPh 3 (3, R = H; 4 R = Ph; 5 R = OEt) and new olefins arising from the coupling of the alkylidene with the alkenes, likely via a metallacyclobutane intermediate.
3 is, as far as we know, the first Rh-NHC-alkylidene derivative. Complex 2 is an air-sensitive solid which smoothly decomposes in solution after 1 h at room temperature to give a mixture of unidentified hydrides. In addition to 2, the formation of Wilkinson's catalyst RhCl(PPh 3 ) 3 was observed when the diazomethane solution was added at room temperature. Similar cleavage of a supposed robust Rh-NHC bond has been previously reported. 14 The preparation of related alkylidene derivatives by using diphenyldiazomethane or methylphenyldiazomethane, or starting from different free-phosphane Rh The 1 H NMR spectrum of 2 shows a characteristic low field singlet at  15.65 ppm corresponding to the alkylidene proton. The 13 C{ 1 H} NMR spectrum presents two doublets of doublets for the alkylidene ( 256.2 ppm, J C-Rh = 47.2 and J C-P = 13.6 Hz) and IPr (187.6 ppm, J C-P = 118.1 and J C-Rh = 64.4 Hz) carbon atoms attached to rhodium. The large J C-P observed for IPr is in accordance with the trans disposition of the phosphane and the NHC ligands. Compound 2 is fluxional as evidenced by the resonances for the isopropyl substituents of the IPr ligand in a 1 H VT-NMR study. Thus, the broad resonance at 3.60 ppm (CH) and the two doublets at 1.40 and 1.11 ppm (CH 3 ) observed at room temperature split at -30 ºC into two septuplets at 3.95 and 3.13 ppm (CH), and four doublets at 1.62, methanol, only 5 % of polymeric material. In the same way, the ring closing metathesis of diethyldiallymalonate using 5 mol % of 2 in toluene was not observed after 20 h at 50 ºC.
In order to understand the poor catalytic activity of 2 for olefin metathesis, the reactivity of 2 towards olefins has been investigated. Bubbling of ethylene through a green solution of 2 for 15 min at room temperature resulted in the formation of the  2 -ethylene complex RhCl( 2 -CH 2 =CH 2 )(IPr)PPh 3 (3). The fate of the alkylidene ligand was determined by analysis of the mother liquor by NMR and GC methods that showed the presence of 3-phenylprop-1-ene, cis/trans 3-phenylprop-2-ene and phenylcyclopropane (Scheme 1).
Scheme 1. Reactivity of 2 towards olefins.
Complex 3 was isolated as an orange solid in 88% yield. Similarly to 2, the 1 H NMR spectrum in toluene-d 8 evidenced a fluxional behavior associated to the isopropyl groups of the IPr ligand. In addition, rotation of the coordinated olefin was also observed. Thus, the broad signal at 2.01 ppm observed at room temperature corresponding to the  2 -ethylene ligand splits into two broad signals at low temperature at 2.20 and 1.82 ppm. The determined activation parameters were H  = 16.6 ± 0.7 kcal mol -1 and S  = 0.7 ± 1.3 cal K -1 mol -1 for the rotation of the IPr ligand, and H  = 13.4 ± 0.9 kcal mol -1 and S  = 1.1 ± 1.2 cal K -1 mol -1 for the rotation of the olefin. 19 The activation barrier for the rotation of the IPr in 3 is around 3 kcal mol -1 kcal higher than that in 2, probably due to the additional steric hindrance introduced by a rotating coordinated olefin. 
21
The disposition of  2 -olefin ligands in Rh-NHC complexes is very important with regard to the reactivity, as has been recently shown for the selective deuteration of styrenes by Rh-NHC catalysts. 22 Then, the disposition of 2 -alkene in 4 was determined by selective 1D NOE experiments (Figure 3 ).
The -and -trans protons display NOE effect with a CH { (2.44 ppm) and -trans (3.16 ppm)} and one of the CH 3 , { (1.04 ppm) and -trans (1.56 ppm)}, of the IPr-isopropyl group, each of them located at different phenyl ring as determined by the 1 H-13 C HMBC experiment. This fact evidences an out-of-plane coordination of the alkene parallel to the IPr-imidazol ring (Figure 3 ). In addition, the -cis proton shows a NOE effect with the orto-substituents of the phenyl group of the PPh 3 ligand (7.22 ppm)
indicating that the phenyl group points towards the phosphane ligand.
8 In conclusion, we have described the preparation of the first rhodium-alkylidene square-planar complex stabilized by a NHC ligand. It is noteworthy that IPr ligand rotates around Rh-C bond, whereas no rotation is observed for the alkylidene moiety as shown by NOE NMR experiments. This compound Supporting Information Available. Crystal data and processing parameters for compound 2 and NOE NMR experiments. This material is available free of charge via the Internet at http://pubs.acs.org.
Experimental Section
All reactions were carried out with rigorous exclusion of air using Schlenk-tube techniques. The solvents were distilled immediately prior to use from the appropriate drying agents or obtained from a Solvent Purification System (Innovative Technologies). Agilent 6890 series gas chromatograph system, using a HP-5MS 5% phenyl methyl siloxane column (30 m x 250 m with a 0.25 m film thickness).
Preparation of RhCl(=CHPh)(IPr)PPh 3 (2)
. A THF solution of N 2 CHPh (10 mL, 0.09 M, 0.9 mmol) was slowly added to an orange solution of 1 (300 mg, 0.285 mmol) in 10 mL of THF at -20 ºC.
Immediate formation of gas was observed. The solution was keep stirring for 20 min at -20 ºC allowing gas to escape of the reaction vessel via a bubbler. After filtration through celite, the resulting brown solution was evaporated to dryness at low temperature. Addition of n-hexane caused the precipitation of a green solid which was washed (3 x 3 mL) and dried under vacuum. Yield: 177 mg (76%). Anal. Calcd. Preparation of RhCl( 2 -CH 2 =CH 2 )(IPr)PPh 3 (3). Ethylene was bubbled through a green solution of 2 (100 mg, 0.113 mmol) in 10 mL of toluene at room temperature for 15 min to give an orange solution that was stirred for 1 h. Then, the solution was concentrated to ca. 1 mL and n-hexane added to induce the precipitation of a yellow solid, which was washed with n-hexane (5 x 3 mL) and dried under (d, J C-P = 36.4, C q P), 130.0, 129.6, 124.9, 124.2, 123.8, and 122.8 (all s, 26.5, 26.3, 25.8, 23.0, 22.7, 22.1 and 21.9 (all s, CHMe X-ray Structural Determination of RhCl(=CHPh)(IPr)PPh 3 (2). A green prismatic crystal of 2 (0.07 x 0.12 x 0.14 mm) suitable for X-ray diffraction were obtained by slow diffusion of n-hexane into a concentrated THF solution of the complex at 253 K. Intensity data was collected at low temperature (100(2)K) on a single-axis HUBER diffractometer at the BM16 of the ESRF synchrotron, equipped with a Si111 double-crystal monochromator ( = 0.73780 Å) using wide frames (1˚ in ). Two sets of data at different orientations of the crystal (changing a pseudo-kappa angle by 40º approx.) were measured to ensure data completeness. Cell parameters were refined from the observed setting angles and detector positions of strong reflections (78866 refl., 2 < 66.7º). Data were corrected for Lorentz and polarisation, for absorption effects, scaled and merged using the SORTAV program. 24 The structure were solved by Patterson method and completed by successive difference Fourier syntheses (SHELXS-86). 25 Refinement, by full-matrix least-squares on F 2 with SHELXL97, 25 was carried out including isotropic and subsequent anisotropic displacement parameters for all non-hydrogen atoms. Hydrogen atoms were included from observed positions and refined riding on their parent carbon atoms. Final agreement factors were R 1 = 0.0542 (11427 refl., I > 2(I)) wR = 0.1543 (12781 unique refl.), GoF = 1.088. All the highest electronic residuals (smaller than 1.1 e/Å 3 ) were observed in close proximity of 13 the Rh metal and have no chemical sense. Atomic scattering factors, corrected for anomalous dispersion, were used as implemented in the refinement programs. 
